1. Introduction
===============

Subdivision of tablets, sometimes called tablet splitting, by physicians or patients frequently occurs in various clinical settings for multiple reasons.^\[[@R1]--[@R3]\]^ Tablet subdivision by physicians has numerous advantages, such as dose adjustment and alleviation of swallowing difficulties,^\[[@R4]--[@R7]\]^ in addition to enabling provision of a proper dose in cases where dose tapering and dose titration are necessary, such as for antihypertensive or statin drugs. Geriatric and pediatric patients who cannot swallow tablets also benefit from tablet subdivision. Furthermore, tablet subdivision by patients can lead to cost savings.^\[[@R5],[@R6],[@R8],[@R9]\]^ For instance, prices do not increase proportionally with increasing dose strength, and sometimes the use of flat rate charges for medications and medication dispensing have occurred.

However, not all tablets are suitable for subdivision.^\[[@R1],[@R2],[@R10]--[@R12]\]^ Subdivision of extended release formulations might induce unintended consequences regarding the safety of patients.^\[[@R12]--[@R14]\]^ For instance, subdivision could result in toxicity from uncontrolled release of an active ingredient and sometimes active ingredients in enteric-coated formulations are destroyed when subdivided. Given these unintended consequences, the United States Food and Drug Administration (FDA), American Medical Society, and American Pharmacists Association have advised that subdivision of modified or sustained release, co-formulated, film-coated, friable, or dose-critical tablets is not recommended.^\[[@R15]\]^

Tablet subdivision does not necessarily result in half tablets of uniform weight.^\[[@R14],[@R16]--[@R20]\]^ Not surprisingly, the accuracy of tablet subdivision is influenced by the size, shape, and hardness of the tablet and by the subdivision method.^\[[@R18]--[@R20]\]^ Small and unusually shaped tablets have the greatest deviations in weight and harder tablets are likely to be crushed or fragmented, which might lead to drug loss. Additionally, dividing tablets into quarters results in a greater range of weight differences than dividing tablets into fewer pieces. These deviations may also result in incorrect dosing that affects clinical outcomes.

Thus, from the perspectives of quality of care and patient safety, it is informative to know which medicines are regularly subdivided, which healthcare institutions prescribe subdivided medicines, and to whom the medicines are prescribed. However, little is known about tablet splitting in South Korea. In this study, we aimed to examine recent trends in tablet subdivision and to address factors associated with subdivision of tablets both at the patient and healthcare institution levels.

2. Methods
==========

2.1. Subjects
-------------

This study was interested in the prescriptions for outpatients that required tablet subdivision. For this study, we defined a prescription with a decimal, such as 0.5 or 0.33, as a prescription requiring tablet subdivision. Thus, we excluded solutions, injections, and ointments. It should be noted that alternative dosage forms, including tablet powdering, are frequently performed for pediatric patients who cannot swallow tablets.^\[[@R21]\]^ Given this, we excluded patients under the age of 15.

2.2. Data source
----------------

South Korea has a unique National Health Insurance program and all citizens, ∼97% of the population, are covered under the program. The Health Insurance Review and Assessment (HIRA) reviews claims for reimbursement submitted by healthcare providers or healthcare institutions.^\[[@R22]--[@R24]\]^ The HIRA also provides the National Patients Sample (HIRA-NPS) dataset by year. We used the 2016 HIRA-NPS dataset in this study to provide recent trends in tablet subdivision in South Korea.

The HIRA-NPS dataset is comprised of ∼1.4 million individuals (∼3% of the total population), randomly selected from among a population of 45 million, and their claims for reimbursement that were submitted to the HIRA.^\[[@R24]\]^ It provides information on patients, health services that the patients utilized, outpatient prescriptions, and healthcare institutions. Specifically, the HIRA-NPS presents information on the sociodemographic characteristics of the patients, including sex, age grouped in 16 strata, and types of health insurance, and it provides information on healthcare institutions such as types of institutions, locations, and ownership.^\[[@R24]\]^ The dataset also provides information on prescriptions for outpatients, including the active ingredients, dosage, and number of days prescribed.

2.3. Statistical analysis
-------------------------

This study used descriptive statistics to examine characteristics of medicines that were frequently prescribed in subdivided forms, and retrieved information regarding the medicines, including their shape and size, and the presence of a dividing line on the surface, from the website of the Korea Pharmaceutical Information Center (Available at <http://www.health.kr/main.asp>) to assess the appropriateness for tablet splitting. Then, we selected the five most frequently prescribed medicines in subdivided forms in the following categories of the Anatomical Therapeutic Chemical (ATC) classification system: respiratory system (R); systemic hormonal preparations, excluding sex hormones and insulins (H); nervous system (N); cardiovascular system (C); and co-formulated drug. For these five medicines, we used a chi-squared test to analyze differences in the variables of interest between two groups: a split and a nonsplit group. Furthermore, we performed a Cochrane-Armitage test to examine the trends in subdivision of tablets according to the patients' ages and types of healthcare institutions.

We also performed a multivariate logistic regression analysis to estimate the effect of the variables of interest on tablet subdivision both at the patient and healthcare institution levels. At the patient level, we collected information on the sociodemographic characteristics of the patients, including sex, age, and types of health insurance. Types of health insurance included the National Health Insurance program for the total population and the Medical Aid program for low-income households.^\[[@R25]\]^ At the healthcare institution level, we collected information on the location, type of institution, and ownership. First, we divided the location into several regions based on the administrative district. In the end, seven regions were created, including Seoul, Gyeonggi, Chungcheong, Gangwon, Gyeongnam, Gyeongbuk, and Jeonla. Second, we categorized the healthcare institutions by primary care, secondary care, and tertiary care^\[[@R26]\]^: primary care includes clinic-level institutions that provide healthcare services to outpatients, secondary care includes hospital-level institutions that provide services primarily to inpatients, and tertiary care includes superior general hospitals, designated by the Minister of Health and Welfare, that provide service requiring expertise for treating serious disease. Similarly, we categorized medical institutions by ownership, including public and private. Data management and analysis were conducted using R statistical software (version 3.4.3). Statistical significance is noted by *P*-values \<.05.

2.4. Ethics
-----------

This study was approved by the Institutional Review Board of Ewha Women\'s University (IRB No. ewha-201812-0009-01).

3. Results
==========

3.1. The top 25 medicines prescribed in subdivided forms
--------------------------------------------------------

Table [1](#T1){ref-type="table"} presents the top 25 medicines prescribed in subdivided forms in 2016. Pseudoephedrine hydrochloride (60 mg), methylprednisolone (4 mg), and chlorpheniramine malate (2 mg) were the most frequently prescribed medicines in subdivided forms in South Korea. Interestingly, medicines belonging to the respiratory system were frequently prescribed in subdivided forms. Of the 25 medicines, 14 (56%), 5 (20%), and 3 (12%) medicines belonged to the respiratory system (R), nervous system (N), and systemic hormonal preparations, excluding sex hormones and insulins (H), respectively, according to the category of the ATC classification system. Additionally, three co-formulated drugs were on the list.
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We investigated the physical characteristics of the medicines, including the shape, size, and thickness, and the presence of a dividing line on the tablet surface. Note that the pharmaceutical market in South Korea is quite competitive.^\[[@R27]\]^ Thus, several products with the same active ingredient and strength are available in the South Korean market. For these medicines, the value is provided as a range. All medicines on the list were circular or oval in shape, and their sizes were \>6 mm in diameter, except for levothyroxine sodium (50 μg). We found several medicines without a dividing line on the surface. For instance, chlorpheniramine maleate (2 mg) with a 6.5 mm diameter does not have a dividing line on the surface. Finally, we retrieved information regarding the Summary of Product Characteristics (SPC) from the website of the Korea Pharmaceutical Information Center to evaluate its relevance in subdivision. According to the SPC, the top 25 medicines on the list could be relevantly halved.

3.2. Characteristics of patients and healthcare institutions
------------------------------------------------------------

We selected five medicines, including pseudoephedrine hydrochloride (60 mg), methylprednisolone (4 mg), diazepam (2 mg), hydrochlorothiazide (25 mg), and a co-formulated drug with guaifenesin (50 mg), in various categories of the ATC classification system to examine characteristics of patients and healthcare institutions as they related to subdivision of tablets. Then, we extracted patients who were prescribed the eligible medicines from the dataset, and categorized the patients into two groups: a split and a nonsplit group. The split group was defined as patients who had been prescribed subdivided medicines at least one time during the study period.

Table [2](#T2){ref-type="table"} provides the descriptive statistics for patients prescribed the eligible medicines. We provide information on sex, age, and type of health insurance for the patients in the table. Significant differences between the split and nonsplit groups were consistently reported in the variable of sex. However, age and type of health insurance did not yield consistent results. For instance, 223,538 patients out of 321,123 patients (70%) were prescribed pseudoephedrine in a subdivided form, demonstrating that tablet subdivision is a routine practice in South Korea. Approximately 65% of males utilized pseudoephedrine in a subdivided form, while 72% of females utilized pseudoephedrine in a subdivided form. Additionally, a significant difference between the split and nonsplit groups was noted among age groups (*P* \< .0001). We also performed a Cochran-Armitage test to investigate the trends between age groups and being prescribed the medication in a subdivided form, and found that the older the age group was, the lower the rate of being prescribed pseudoephedrine in a subdivided form (*P* \< .0001). Last, patients belonging to the Medical Aid program (67%) were less likely to be prescribed subdivided medicines compared to patients belonging to the National Health Insurance program (70%) (*P* \< .0001).
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Table [3](#T3){ref-type="table"} presents the descriptive statistics for institutions prescribing the eligible medicines. The split group comprised institutions that had prescribed subdivided medicines at least one time during the study period. We provide information on the location, type of institution, and ownership of the healthcare institutions in the table. Significant differences between the split and nonsplit groups were consistently reported in the variables of location and type of institution for the five eligible medicines. However, the variable of ownership did not yield consistent results. Specifically, 11,175 institutions out of 15,321 institutions (73%) prescribed pseudoephedrine in a subdivided form, demonstrating that tablet subdivision is a routine practice among healthcare providers in South Korea. A significant difference between the split and nonsplit groups was noted in the variables of location (*P* \< .0001), type of healthcare institution (*P* \< .0001), and ownership (*P* \< .0001).
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3.3. Logistic regression analysis
---------------------------------

We performed a multivariate logistic regression analysis to estimate the effect of the variables of interest on tablet subdivision both at the patient and healthcare institution levels. Table [4](#T4){ref-type="table"} shows that females (reference_males) were positively associated with being prescribed subdivided medicines for all eligible medicines at the patient level. However, ages above 65 years old (reference_16--40 years old) did not present consistent results. Elderly individuals were less likely to be prescribed pseudoephedrine in a subdivided form, but more likely to be prescribed subdivided methylprednisolone, diazepam, and hydrochlorothiazide than younger individuals. Table [5](#T5){ref-type="table"} also indicates that tertiary care (reference_primary care) and privately owned institutions (reference_public owned) and were positively correlated with prescribing subdivided medicines at the healthcare institution level.
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4. Discussion
=============

Physicians frequently prescribe tablets in subdivided forms for various reasons, and patients consider subdivided tablets a normal oral drug therapy.^\[[@R1]\]^ However, not all tablets are suitable for splitting.^\[[@R2],[@R10]--[@R12]\]^ Tablet subdivision might cause unintended consequences, including deviations in dose that affect clinical outcomes and patient safety.^\[[@R12],[@R14],[@R20]\]^ Thus, tablet subdivision is an important research area from the perspectives of quality of care and patient safety. However, this issue has been neglected in South Korea. Specifically, which medicines are regularly subdivided, which healthcare institutions prescribe subdivided medicines, and to whom the medicines are prescribed remain gray areas. This study was conducted to examine recent trends in tablet subdivision and to address factors affecting subdivision in South Korea.

4.1. Summary of findings
------------------------

Similar to other countries, tablet subdivision is a routine practice among physicians in South Korea.^\[[@R1],[@R19]\]^ In this study, we reported the most frequently prescribed medicines in subdivided forms in 2016, and confirmed that these medicines could be relevantly halved. Interestingly, the majority of these medicines belonged to the respiratory system in ATC classification system. Specifically, physicians prescribed medicines to treat nasal disease, cough, or other respiratory conditions for a short period of time in South Korea. Thus, subdivision of medicines belonging to the respiratory system category is not deemed dangerous in most cases.

However, a few medicines, which should be used with caution, are also frequently prescribed in subdivided forms. For instance, diazepam is designated as a psychotropic drug in South Korea,^\[[@R28]\]^ and 70% of patients were prescribed diazepam in a subdivided form. Similarly, methylprednisolone, which is a synthetic glucocorticoid, is used primarily as an anti-inflammatory or immunosuppressant agent,^\[[@R29]\]^ and 54% of patients were prescribed methylprednisolone in a subdivided form. Glucocorticoid therapy can cause significant morbidity and adverse events, including weight gain, skin thinning, and neuropsychiatric disorder, and these unintended consequences appeared to be dose- and duration-dependent.^\[[@R30]\]^ Thus, physicians consciously attempted to decrease unnecessary glucocorticoid exposure via sparing, tapering, and subdivision.^\[[@R31]\]^

4.2. Factors affecting subdivision of tablet
--------------------------------------------

Tablet subdivision as recommended by physicians has the advantage of allowing for dose adjustment and aiding patients with swallowing difficulties. To this end, physicians are more likely to prescribe medicines in subdivided forms for female and geriatric patients.

In our study, we confirmed that female sex was positively associated with being prescribed subdivided medicines for the five eligible medicines, which included medicines belonging to respiratory system, systemic hormonal system, nervous system, and cardiovascular system classifications, and a combination drug for the respiratory system. However, our analysis did not yield consistent results for geriatric patients. For instance, physicians were less likely to prescribe pseudoephedrine in a subdivided form for geriatric patients, whereas physicians were more likely to prescribe methylprednisolone, diazepam, and hydrochlorothiazide in subdivided forms for geriatric patients.

The characteristics of the eligible drugs are noteworthy for understanding these interesting results. Pseudoephedrine is used as a nasal/sinus decongestant for short periods of time.^\[[@R32]\]^ Similarly, combination drugs including guaifenesin are prescribed to treat a similar disease for a short period. Given the characteristics of these drugs belonging to respiratory system, it is not surprising that geriatric patients are less likely to be prescribed subdivided medicines. However, the other remaining medicines should be prescribed with caution. For instance, methylprednisolone is used to decrease inflammation or sometimes to suppress the immune system,^\[[@R33]\]^ hydrochlorothiazide is prescribed to treat high blood pressure and swelling due to fluid build-up, and diazepam is used to treat a range of conditions, including anxiety.^\[[@R34]\]^ Furthermore, these medicines are prescribed for long periods of time compared to the drugs belonging to the respiratory system. Thus, it is realistic to interpret the results as indicating that physicians are more likely to prescribe potent medicines in subdivided forms for geriatric patients. In the same vein, we found that tertiary-level healthcare institutions were more likely to prescribe medicines in subdivided forms. For instance, tertiary care institutions, designated by the Minister of Health and Welfare, provide medical services requiring a high level of expertise for treating serious diseases.^\[[@R25]\]^ Thus, physicians at the tertiary care institutions were more likely to prescribe medicines with subdivided forms for debilitated patients.

Finally, tablet splitting by patients could lead to cost savings because the price of the drug does not increase proportionally with increasing dose strength.^\[[@R6],[@R9]\]^ In this case, physicians do not prescribe medicines in subdivided forms, and pharmacists do not need to split the medications. Instead, patients subdivided the medications on their own. In our analysis, several medicines, including pseudoephedrine, hydrochlorothiazide, and combination drugs, including guaifenesin, were less likely to be prescribed in subdivided forms for low-income patients in the Medical Aid program.

4.3. A way forward to improve patient safety
--------------------------------------------

The top 25 medicines on the list could be relevantly halved. However, the size and shape of a tablet, and the presence of a dividing line on a tablet could affect weight variation when splitting the tablet.^\[[@R4],[@R18],[@R19],[@R35]\]^ For instance, medicines without a dividing line are less accurately split than scored tablets.^\[[@R19]\]^ Furthermore, splitting a smaller size tablet is more challenging than splitting a larger size tablet.^\[[@R4],[@R35]\]^ Given this information, we assessed the appropriateness of tablet splitting for the 25 most frequently prescribed medicines. Generally, the shape of these medicines was round, their size and thickness were above 6 mm and above 2 mm, respectively, and they had dividing lines on their surfaces. However, few medicines are very small, with 5.6-mm diameters, and a few medicines do not have dividing lines on their surfaces. It would be better if these medicines were not small, and if they had dividing lines on their surfaces so that the tablet could be split successfully. In this vein, we suggest that manufacturers market low-dose medicines for the safety of vulnerable patients. Furthermore, minimizing the number of splitting and avoiding splitting pharmacotherapies with a narrow therapeutic range for vulnerable patients is essential. Pharmacists also provide assistance and a splitting device with a razor blade for unavoidable splitting.

4.4. Study limitations
----------------------

This study has several limitations. First, we used country-level HIRA-NPS data that do not contain information on clinical data of patients. This means that we could not assess prescription patterns by disease severity. In the same vein, this study noted subdivision of tablets by physicians or patients in various clinical settings. Subdivision by physicians is medically advised or recommended, indicating that subdivision is outside of the control of the patient or physicians, while subdivision by patients is made at the discretion of the patient for various reasons. Thus, further information on clinical data of patients are needed to determine whether tablets are subdivided by physicians or patients. Finally, this study was a cross-sectional study that provided a snapshot of tablet subdivision in 2016, indicating that it is necessary to expand the study period to fully understand trends in tablet subdivision in South Korea.

5. Conclusions
==============

This study was conducted to examine recent trends in tablet subdivision and to address factors associated with subdivision both at the patient and institution levels. In this study, we reported the most frequently prescribed medicines in subdivided forms in 2016 and confirmed that these medicines could be relevantly halved. However, it would be better if medicines were not so small, and if they had dividing lines on their surfaces to enable successful splitting of the tablet and to protect the health of vulnerable patients. We also found that vulnerable populations, including females and geriatric patients, were more likely to be prescribed split medicines, while low-income patients participating in the Medical Aid program were less likely to be prescribed split medicines. This means that tablet splitting in South Korea occurs for various reasons. Female and geriatric patients are prescribed split medicines for clinical reasons, while low-income patients are prescribed nonsplit medicines for cost savings.
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